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Introduction:  Genetic variability of the Phaseolus genus in the northern Andes is complex and 
intriguing. Colombia was the crossroads of Mesoamerican (e.g. maize, common bean), 
Amazonian (e.g. cassava) and Andean (e.g. potato, common bean) crops. While cultivated 
common bean has two major gene pools, and the wild ancestor presents much wider variability 
(Chacon et al. 2005), unique germplasm in the northern Andes is reported: wild populations in 
Ecuador and N Peru with ‘I’ phaseolin (Rendón-Anaya et al., 2017b); and wild and cultivated 
germplasm from Colombia. The region has seen the precursor of the species coming from 
Central America, then the migration of its wild form to give birth to the Mesoamerican and 
Central-Southern Andean genepools (Chacon et al. 2007; Rendón-Anaya et al. 2017a). 
Landraces intercrossed with each other and with their sympatric wild relatives. These facts make 
the northern Andes a scenario of migration, extinction, local evolution, introduction and genetic 
interchange. This review reflects on the evolutionary role of the region, and possible implications 
for genetic improvement.  
 
The distribution of wild species: A consideration of wild Phaseolus and its evolution demands 
assuring that we are dealing with wild plants and not escapes from cultivation that would be 
derived from human intervention. In this regard, explosively dehiscent pods observed on living 
and herbarium specimens and findings in original forest habitats as reported by collectors are 
critical information. In contrast to escaped Lima bean (there is one accession G25246B from 
Ashanti, Ghana, in CIAT genebank), escapes from cultivation of P. vulgaris do not survive well 
in natural vegetation.  
 
The geography of the western hemisphere is a determining factor in the evolution of Phaseolus, 
and its multiple wild species, and is the context for interpreting genetic evidence from various 
sources. The geographic setting of NW South America was established about 80 million years 
ago (Graham 2011), and the Isthmus of Panama could have closed the gap between the northern 
and southern continents some 13-15 million years ago (Montes et al. 2015). The genus Phaseolus 
is about 8-10 million years old (Delgado-Salinas et al. 2006), and has diversified in 
Mesoamerica, where most species are distributed today (Freytag & Debouck 2002).  The age of 
P. vulgaris and P. lunatus as independent species and their separation from related species are 
very difficult to define but have been estimated at 2 and 1 mi years, respectively (Gepts et al. 
2000, separation from P. dumosus; and Serrano-Serrano et al. 2010, separation from P. augusti – 
P. pachyrrhizoides). While speciation is an ongoing process, the var. mexicanus and the var. 
aborigineus of P. vulgaris are living examples of it (Delgado-Salinas et al. 1988).    
 
The presence of wild Phaseolus vulgaris was initially reported independently for Argentina 
(Burkart 1941) and Guatemala (McBryde 1947); and of wild P. lunatus for Mexico to Panama, 
Colombia, Venezuela, Brazil and Peru (Piper 1926) (but in contrast with the former two, without 
any specific location). Germplasm collections carried out in 1960-2019 in the American tropics 
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and subtropics have since notably expanded our knowledge and shown that wild common bean is 
present in mid-to-high altitude forests from Chihuahua, Mexico (Nabhan 1985) down to 
Córdoba, Argentina (Drewes 2006). The range of wild Lima beans extends from northern 
Mexico (Sonora, Tamaulipas) to northern Argentina (Chaco, Formosa) (Debouck 2018). Note 
that because of the altitude requirements of wild common bean, its distribution is discontinuous, 
less so for wild Lima bean, and thus the range of the latter is wider. Molecular markers applied to 
seed storage proteins (Gepts et al. 1986) and later to mitochondrial (Khairallah et al. 1992) and 
nuclear DNA (Kwak & Gepts 2009; Tohme et al. 1996) have shown higher diversity in the wild 
forms as compared to the cultivated ones. These works have demonstrated that the two gene 
pools existing in the cultivated common and Lima beans, traditionally observed on seed traits 
(Evans 1976; Kaplan 1971), pre-date domestication (estimated at about 7-8,000 years before 
present: Chacón-Sánchez & Martínez-Castillo 2017; Mamidi et al. 2011). The same organization 
into gene pools found in the associated pathogens (anthracnose, angular leaf spot: Pastor-
Corrales 1991; Guzmán et al. 1995, respectively) also supports that hypothesis. 
 
Migration: The presence of wild common and Lima beans in natural vegetation of both North 
and South America raises the question on how this situation has come about. Keeping in mind 
that humans came into the Americas through Beringia some 20,000 years ago (Wells 2003), this 
means that wild common and Lima beans were already present in the American tropics and 
subtropics of both continents. So, returning to the question of how to explain the presence of 
wild common bean in South America, given the number and diversity of species in 
Mesoamerica, one logical scenario would be that of an early migration of P. vulgaris into the 
Andes from Mesoamerica through the Isthmus of Panama, and some analyses would support that 
hypothesis (Bitocchi et al. 2012; Blair et al. 2012; Mamidi et al. 2013; Schmutz et al. 2014).  
 
However, a collection (DGD-1956) of August 1986 in San Pablo, Cajamarca, Peru, changed the 
picture dramatically, and a group of wild common beans was disclosed in SW Ecuador and NW 
Peru (Debouck et al. 1993). Further analysis with different markers constantly showed the 
uniqueness of this group as compared to the other wild gene pools (beebmcb et al. 2017; 
Bitocchi et al. 2013; Blair et al. 2012; Chacón-Sánchez et al. 2007; Freyre et al. 1996; Kami et 
al. 1995; Khairallah et al. 1992; Koenig et al. 1990; Kwak & Gepts 2009; McClean et al. 2004; 
Mina-Vargas et al. 2016; Tohme et al. 1996). Assumed to have strayed from its home in 
Mesoamerica in the distant past, it was found to be ancient (Kami et al. 1995), with a separation 
from the rest of wild P. vulgaris about 0.6 mi years ago (Chacón-Sánchez et al. 2007) or 0.9 mi 
years ago (cpDNA) (Rendón-Anaya et al. 2017a), and eventually interpreted as a sister species of 
common bean (Rendón-Anaya et al. 2017a, b). Later this ancestral stock of P. vulgaris 
underwent another speciation event: the formation of the two major gene pools (Ariani et al. 
2017; Chacón-Sánchez et al. 2007; Rendón-Anaya et al. 2017a). A few DNA polymorphisms 
shared between Mexico and the Southern Andes (Chacón-Sánchez et al. 2007; Khairallah et al. 
1992; Tohme et al. 1996) may account for that early split, evidencing a migration of P. vulgaris 
both north- and southwards from its primordial cradle in the northern Andes. A more recent 
southward migration from Mexico accounts for much of the genetic diversity seen in Central 
America (Ariani et al. 2017; Chacón-Sánchez et al. 2007) and ending up in Colombia (with the 
‘B’ and ‘CH’ phaseolins). As expected, the wild common beans in the central and southern 
Andes show less genetic diversity as compared to Central America because they could not 
expand in longitude (Ariani et al. 2017; Bitocchi et al. 2013; Schmutz et al. 2014). Also, one 
should note that during the two migrations southwards through the Isthmus P. vulgaris migrated 
alone without other species of the Phaseoli that could have enriched its gene pool (Lioi & 
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Hammer 1989; Rendón-Anaya et al. 2017a). In this regard, the migration of P. dumosus into 
Andean South America, namely the humid interandean valleys and eastern slope where it is feral 
(Schmit & Debouck 1991), would have been too recent to enrich its gene pool with the exception 
of a few natural hybrids.  
 
A similar scenario exists for Lima bean. From an ancestral stock in Mesoamerica the tertiary 
gene pool of Lima bean would evolve and after a first migration into the Andes this stock had 
time to diversify into two closely related species: P. augusti and P. pachyrrhizoides (Caicedo et 
al. 1999), and an insular off-type: P. mollis. A group of wild Lima beans was found in SW 
Ecuador and NW Peru (Debouck et al. 1987), and analysis with different markers showed it to be 
the ancestral wild form of large-seeded cultivated Lima bean (Gutiérrez-Salgado et al. 1995; 
Motta-Aldana et al. 2010; Fofana et al. 1997).  Thus, speciation resulted in the formation of the 
Andean gene pool of Lima bean, and 0.5 mi years ago the formation of the so-called 
Mesoamerican gene pool (it has colonized the tropical lowlands of both Mesoamerica and South 
America however) quickly splitting into two branches MI and MII (Serrano-Serrano et al. 2010). 
In addition, a slightly different group of wild Lima beans related to the Andean pool seems 
present in Boyacá, Colombia (Chacón-Sánchez & Martínez-Castillo 2017).  
 
While migratory birds have been called upon to explain the trans-isthmic migrations of wild 
beans (Ariani et al. 2017; Rendón-Anaya et al. 2017a), an alternate scenario is the one of beans 
moving through natural seed dispersal and reproduction in favorable conditions under climatic 
variations since the late Tertiary period. Because wild beans have toxic seeds (Sotelo et al. 
1995), particularly true for wild P. lunatus (Seigler et al. 1989), it is not fully clear why 
migratory birds or long-range moving mammals would look for them as food, drop them in the 
right habitats thousands of miles from the original ones, assuming that the seeds would survive 
after passing through the digestion track. The diversity displayed by the markers again favor the 
slow accumulation of mutations through time because of migration and drift. Local extinction of 
many populations because of unsuitable growing conditions also played a prominent role in the 
two complex patterns observed today.  
 
It might be relevant here to recall the breeding systems of the six species related to P. vulgaris, 
which are genetically autocompatible outbreeders with active nectaries on the floral disk. The 
seed set is significantly increased if the flowers are visited by bees and bumblebees (Darwin 
1858). The terminal stigma is variously shaped, from extrorse in P. coccineus (Webster et al. 
1980) to capitate in P. albescens (Ramírez-Delgadillo & Delgado-Salinas 1999) to introrse in P. 
debouckii (Rendón-Anaya et al. 2017b). As a consequence, allogamy can be high in wild forms, 
explaining the genetic diversity within populations (Rodriguez et al. 2016). In wild Lima beans 
where the flowers are much smaller, nectaries on bracteoles may play a role, and outcrossing rate 
as high as 47% has been reported (Baudoin et al. 2004).  
 
Domestication: Amerindians confronted a distribution of the wild forms of both species not 
dramatically different from the one known today since we are still in the same interglacial period 
(Clark et al. 2009). The primitive hunter-gatherers at some point stopped observing and making 
periodical harvests, and started planting wild forms in what is today Mexico and in the Central 
Andes. The exact location of the domestication process has been much investigated, under the 
afore-mentioned assumption, showing two independent foci for the common bean (Bitocchi et al. 
2013; Chacón-Sánchez et al. 2005; Kwak et al. 2009) and the Lima bean (Chacón-Sánchez et al. 
2012; Chacón-Sánchez & Martínez-Castillo 2017). At the beginning this activity was limited to 
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planting and harvesting wild forms (Debouck 2016). Through this process Amerindians selected 
for bigger seeds and pods, although the transition to fully modern sizes has not appeared yet in 
the archaeological record (Kaplan & Lynch 1999). But they did not alter the breeding system, 
and thus crosses between the wild forms and the quasi-domesticated forms continued to occur. 
As a result, intermediate or weedy forms continued to appear in the contact zone, in some 
regions of Colombia, Peru, Bolivia, Argentina and Mexico until today (Beebe et al. 1997; Freyre 
et al. 1996; Hoc et al. 2006; Zizumbo-Villareal et al. 2005, respectively), and similarly in Lima 
bean (Félix et al. 2014). So, admixtures continue to cause headaches to scholars trying to count 
the number of migrations or to locate the domestication spots! 
 
Weedy types in Colombia perhaps give a window on this past activity and likely human 
intervention. These weedy types have a vigorous climbing habit to compete in a thicket 
environment or in coffee groves. While attributed to spontaneous hybridizations within a 
breeding complex, evidence also suggested human intervention in selection and dissemination. 
One type known as ‘Vagamundo’or ‘Vagabundo’ with ‘CH’ phaseolin has pink seed with red 
stripes. It is widely distributed in Colombia in the Cauca river valley and in valleys leading to the 
eastern plains. This grain color would not occur readily in crosses with wild bean, nor would a 
wild-weedy complex alone result in wide distribution. We suggest that some weedy types might 
be remnants of an incipient agriculture (beans were used 8,600 years before present in the 
Middle Cauca Valley: (Dickau et al. 2015)), whereby weedy types were spread by early 
cultivators in thicket environments that permitted production and collection at seed maturity, 
with no additional crop management. 
 
This scenario invites reflection on what we understand by “domestication” and what assumptions 
are implicit in that understanding. One view is comparable to a pedigree breeding system 
whereby the parentage of a domesticate can be traced linearly to some unique original ancestor 
that was selected for valuable spontaneous mutations by plant domesticators (primitive plant 
breeders). Over years additional mutations would have been selected within this parental’s 
progenies and maintained in linear pedigree fashion. An alternative view suggested here is more 
similar to a recurrent selection system, whereby occasional outcrossing led to introgression of 
genes and new genetic constitutions and phenotypes. This latter model must be included in our 
conceptualization of domestication to explain how the genetic composition of wild Phaseolus 
and indeed, that of our modern germplasm came to be.   
 
Potential utility of northern Andean Phaseolus: While specific classification of native 
Colombian germplasm remains ambiguous and depends on the method and the germplasm under 
study, a recognition of the role of the northern Andes in the evolution of wild species of 
Phaseolus raises questions about the possible utility of this germplasm including those 
domesticated accessions that are unique to this region. Early work on the genetic structure of the 
species using phaseolin seed protein led to the suggestion that domestication had occurred in 
Colombia based on type ‘B’ phaseolin in local wild and cultivated populations (Gepts and Bliss 
1986) (although we had difficulty in distinguishing type ‘B’ consistently from type ‘S’). 
However, phaseolin types ‘CH’ and ‘L’ were more distinctive and were found in both local wilds 
and cultivars, further contributing to the hypothesis of local domestication activity (Toro et al. 
1990; Tohme et al. 1996; unpublished data, CIAT). The designation of ‘L’ phaseolin was derived 
from the landrace ‘Labrancero’, a local climbing bean. Bush cultivar G4691 with type ‘CH’ is 
unique in presenting flowers with no wing petals.  A study of CIAT’s bean core collection 
suggested a North Andean cultivated gene pool, but this again was heavily influenced by 
    
 
xxvi
variation in seed proteins:  phaseolins, lectins, and α-amylase inhibitors (Islam et al. 2001). 
This should now be viewed as too narrow an information base to posit a unique gene pool, 
however, other evidence on the unusual nature of this germplasm emerged from pathological 
studies. While presenting a Mesoamerican morphological phenotype, accessions that classed in 
this group presented disease reactions similar to Andean beans, suggesting a long-term 
evolution in situ (Islam et al. 2002).  
 
The potential of this germplasm for breeding is largely unexplored, and few examples exist that 
are indicative of its value.  One striking example resulted from the use of a Colombian wild bean 
in a breeding scheme that had been suggested to obtain introgression of unique genes from wild 
ancestors (Tanksley et al. 1996).  Breeding line 115M was derived from the backcross of a 
Colombian wild accession to cultivar ‘Negro Tacaná’ (DOR 390 in CIAT’s coding system) and 
presented excellent yield (Wright and Kelly 2011).  
 
Following the analysis of wild accessions of common bean for phaseolin type, purified phasolin 
protein was extracted from seed and subjected to in vitro hydrolysis, imitating the digestive 
process in the gut. Phaseolin of one such Colombian accession with type ‘L’ presented 93% 
hydrolysis versus 58% in ‘S’ type and 71% in ‘T’ type, suggesting the potential to employ this 
phaseolin for the nutritional improvement of common bean (Montoya et al. 2008).  Crosses and 
selections have been advanced, although a test of such phaseolins with potential for high 
digestibility has not been carried out in mammals and is lacking.  
 
A cultivated accession with Mesoamerican phenotype from Nariño department in Colombia was 
identified for excellent adaptation to low soil phosphorus, and exhibits unusually good 
photosynthate remobilization under other types of stress as well.  A QTL study highlighted 
segments contributing as much as 100 kg/ha to yield (Diaz et al. 2018). 
 
G19833 or Chaucha Chuga was collected by one of the current writers in northern Peru, and 
subsequently was recognized to be unusually tolerant to low soil phosphorus (Yan et al. 1995a 
and b).  So unusual was G19833 that it was selected to develop a reference genome of the 
species. Later sequencing revealed that in fact it has significant introgression from a 
Mesoamerican genome –an observation that highlights the dynamism of the evolution of local 
cultivated germplasm (Lobaton et al. 2018).  
 
Other accessions from this region (G23818B, G23823E, 23834E) have presented high 
concentration of iron in grain and have served as sources of this trait in breeding for nutritional 
value of common bean.  These appear to be intergene pool crosses that have occurred naturally 
in farmer’s fields where Andean and Mesoamerican types have been cultivated side by side or in 
mixtures.  
 
Unfinished work and conclusions: Regarding collections, Colombia lies squarely on the north-
south pre-colonial routes of trade that moved germplasm in both directions. Thus, local common 
bean germplasm is heavily influenced by that of both Mesoamerica and the southern Andes. To 
have a clearer picture of wild common bean in NW South America, it might be easier to tackle 
first those similar questions on the Lima bean model. With the increase of rural transportation in 
the 20th century, seed movement of Lima bean could have been less important than with common 
bean. With less long-distance transportation of Lima bean landraces and cultivars, there could be 
less blurring due to gene flow between cultivated forms and the wild (Beebe et al. 1997; Papa & 
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Gepts 2003). In this regard, areas well outside the main stream of seed movements (e.g. the 
eastern extreme of the Andes in Venezuela) might be worth visiting, as wild beans are known to 
be present there (Aymard 1999).  Also, within Colombia true wild beans are reported by local 
residents in Antioquia for a possible transition with Panama and Costa Rica, and could exist in 
Nariño department for a transition with the sibling species (Rendón-Anaya et al. 2017b). In order 
to take full benefit of the advances in genomics to solve the puzzle, a much better sampling of 
the wild forms in South America is urgently needed. These collections remain to be 
accomplished. Finally, there is little knowledge of Phaseolus germplasm in the western extreme 
of the Guyana shield, which has an environment that should be amenable to bean cultivation, and 
which has been largely isolated.  Common bean is reported here (Aymard 1999), but little or 
nothing is known about cultivars there.   
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